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1. INTRODUCTION {#agm212102-sec-0001}
===============

Although they can be prevented by vaccination, influenza and pneumonia are major causes of morbidity and mortality in age‐related disease. In most areas of China, the influenza and pneumococcal vaccination rates are relatively low and public awareness of vaccination is insufficient. Therefore, there is a pressing need for raising public awareness of vaccination and immunization coverage rates. Public awareness of vaccination is closely related to popularization of scientific knowledge and health education by medical personnel. To ensure public awareness, medical staff---particularly clinicians---should make systematic and scientific efforts to popularize knowledge of influenza and *Streptococcus pneumonia* vaccination and aim towards standardized vaccination recommendations and practices.

The expert consensus put forward herein is primarily based on the epidemiology and disease burden associated with influenza and pneumococcal diseases, and the evidence of vaccine safety and effectiveness. The evidence cited in this consensus report is mainly derived from relevant recently published literature and related documents issued by several vaccination authorities, including the World Health Organization (WHO), the National Health and Wellness Committee, the Chinese Center for Disease Control and Prevention, the US Centers for Disease Control and Prevention, and the US Advisory Committee on Immunization Practices (ACIP). Herein, influenza and *S pneumonia* vaccination of elderly people in China is advocated to reduce the current burden of these preventable diseases in that population.

2. INFLUENZA VACCINE {#agm212102-sec-0002}
====================

2.1. Etiology and epidemiology of influenza {#agm212102-sec-0003}
-------------------------------------------

Influenza viruses belong to the family *Orthomyxoviridae*. Based on their viral nuclear proteins and matrix protein antigens, they are divided into types A, B, C, and D. Type A influenza viruses are further divided into various subtypes based on differences in the surface antigens hemagglutinin (H1‐H18) and neuraminidase (N1‐N11). Type B influenza and two influenza A subtypes, A/H3N2 and A/H1N1, are considered the main pathogens responsible for human influenza epidemics.[^1^](#agm212102-bib-0001){ref-type="ref"}, [^2^](#agm212102-bib-0002){ref-type="ref"}, [^3^](#agm212102-bib-0003){ref-type="ref"} The epidemiological characteristics of influenza viruses include their capacity for antigenic variability and sudden outbreaks that spread rapidly, and accordingly they cause seasonal epidemics every year. Influenza outbreaks often occur in places with high population density, such as schools and nursing homes.[^4^](#agm212102-bib-0004){ref-type="ref"}

The dominant strains and activity intensity of influenza viruses in different periods and regions exhibit distinct characteristics. Climate factors are the strongest predictors of influenza seasonality, including the lowest temperature, hours of sunshine, and maximum rainfall. Low temperature is a predictor of winter influenza occurrence and annual cyclical intensity in northern China, whereas in southern China, influenza activity is related mainly to rainfall. That knowledge can be drawn upon when devising strategies for determining the optimal times for influenza vaccination. In 2013, Yu et al[^5^](#agm212102-bib-0005){ref-type="ref"} demonstrated that the annual periodicity of influenza A epidemics increases with latitude, and that their spatial and seasonal characteristics are diversified. Epidemics peak in January and February in northern China, northeastern China, northwestern China, and the part of Qinghai located in the Qinghai‐Tibet area (latitude ≥ 33°N), and from April to June in southern China and Yunnan Province (latitude ≤ 27°N). Eastern China, central China, and most of the southwestern regions (latitudes 27.4‐31.3°N) experience dominant semi‐annual influenza A periodicity with peaks in January and February, and from June to August. Conversely, influenza B activity predominantly occurs in the colder months throughout most of China.

2.2. Disease burden of influenza in elderly people {#agm212102-sec-0004}
--------------------------------------------------

Influenza can result in serious complications, including viral pneumonia, secondary bacterial pneumonia, encephalitis, and myocarditis, all of which can aggravate underlying medical conditions and lead to severe clinical outcomes or death.[^6^](#agm212102-bib-0006){ref-type="ref"} Because of factors including their reduced immune responses, lung compliance, muscle strength, and coughing reflexes, as well as a disproportionate likelihood of multiple complications and malnutrition, elderly people are a high‐risk population for influenza virus infection. Influenza infection in elderly people is associated with prolonged hospitalization and high influenza‐related mortality.[^7^](#agm212102-bib-0007){ref-type="ref"} Yu et al[^8^](#agm212102-bib-0008){ref-type="ref"} reported that influenza‐associated severe acute respiratory infection rates in adults aged ≥ 65 years in Jingzhou in Hubei Province were 141/100 000 in 2010 and 89/100 000 in 2011. Feng et al[^3^](#agm212102-bib-0003){ref-type="ref"} conducted a survey investigating annual influenza‐associated excess mortality in urban populations in China, which indicated that excess mortality from respiratory and circulatory diseases was 12.4 (range 7.4‐22.2) deaths per 100 000 people in the northern cities and 8.8 (range 5.5‐13.6) deaths per 100 000 people in the southern cities. Approximately 86% of deaths associated with influenza reportedly occur in people aged ≥ 65 years. The economic burden in adults aged \> 60 years is significantly higher than that in those aged \< 60 years, and the mean respective costs per episode in those age groups are US \$2735 and \$1417‐1621, respectively. In China, the influenza‐associated economic burden of inpatients aged \> 60 years is 1.14 times the annual per capita income.[^9^](#agm212102-bib-0009){ref-type="ref"}

2.3. Influenza vaccine development {#agm212102-sec-0005}
----------------------------------

Influenza vaccine development has involved the isolation of influenza viruses, identification of changes in circulating strains, and refinement of viral culture techniques. In 1933, scientists at the National Institute of Medical Research in London began to develop the first live attenuated influenza vaccine by successfully isolating the first influenza virus. The United States and the United Kingdom subsequently successfully developed the first monovalent type A (H1N1) inactivated influenza vaccine. Since then, influenza vaccine development has progressed remarkably rapidly. In 1942, a bivalent influenza vaccine was developed after the detection of influenza B virus. In 1978, when influenza A virus (H1N1 and H3N2) and influenza B virus were simultaneously prevalent, a trivalent influenza vaccine type A(H1N1)/A(H3N2)/B was introduced.[^10^](#agm212102-bib-0010){ref-type="ref"} In the late 1980s, two strains of influenza B virus were discovered, Victoria and Yamagata, which were alternately prevalent. The WHO recommended a trivalent component vaccine containing only one component from each strain, but there is no cross‐protection between the two strains, which can lead to a mismatch between the actual circulating strains and vaccine candidates for influenza B vaccine strains in component vaccines.[^11^](#agm212102-bib-0011){ref-type="ref"} Therefore, since 2012, recommendations issued by the WHO with regard to influenza vaccine composition have included both the Victoria and Yamagata strains, and two components that are updated annually, which constitutes a tetravalent vaccine.

Most influenza vaccines are manufactured via virus propagation in eggs or are cultured by Madin‐Darby canine kidney cells or Vero cells. Although the whole‐virus vaccine is still used in some countries, the split vaccine has become mainstream since the first split virion influenza vaccine was launched in 1968. Since then, a subunit vaccine has been obtained by purifying and removing the endoantigen on the basis of the split vaccine. To increase the immunogenicity of subunit vaccines, some manufacturers have also developed adjuvant influenza vaccines. In 2009, high‐dose inactivated influenza vaccines were first used in the United States for vaccination for adults aged 65 and over.[^12^](#agm212102-bib-0012){ref-type="ref"} Influenza vaccines that are currently available internationally include inactivated influenza vaccine (IIV), recombinant influenza vaccine (RIV), and live attenuated influenza vaccine, all of which are available in trivalent or tetravalent formulations. The IIVs include three types: whole‐virus vaccine, split‐virus vaccine, and subunit vaccine. The influenza vaccines currently used in China are all trivalent IIVs (TIVs).[^13^](#agm212102-bib-0013){ref-type="ref"}

2.4. Influenza vaccine effectiveness and safety in elderly people {#agm212102-sec-0006}
-----------------------------------------------------------------

### 2.4.1. Immunogenicity and persistence {#agm212102-sec-0007}

Influenza vaccination can induce humoral and cellular immune responses in humans. In humoral immunity, influenza vaccines mainly induce the production of antibodies against influenza virus surface glycoproteins. Serum antibody levels usually peak within 2‐4 weeks after influenza virus infection or vaccination, but in elderly people it can take more than 4 weeks.[^14^](#agm212102-bib-0014){ref-type="ref"}, [^15^](#agm212102-bib-0015){ref-type="ref"} In the case of cellular immunity, CD8^+^ T lymphocytes play important roles,[^16^](#agm212102-bib-0016){ref-type="ref"} but both the number of T lymphocytes and their proliferative capacity decrease in elderly people. Therefore, the immune response in elderly people is comparatively lower.

Adjuvants and high‐dose influenza vaccines have been explored to improve vaccine immunogenicity. Adjuvants can enhance immune responses to influenza‐specific antigens, producing stronger immune effects than the antigens alone. Compared with a standard‐dose vaccine, high‐dose IIV3 (IIV3‐HD) improves antibody responses to influenza in adults aged 65 years or older.[^17^](#agm212102-bib-0017){ref-type="ref"} The protective effect of influenza vaccine lasts approximately 6‐8 months[^18^](#agm212102-bib-0018){ref-type="ref"} then wanes over time, and serum antibody levels are significantly reduced by 1 year after vaccination. The WHO recommends that influenza vaccine components be updated annually because of the ever‐changing antigenic nature of influenza virus. To provide maximum protection for the vaccinated population, it is still recommended that recipients vaccinate again in the current influenza season, as the antibody titers in most vaccine recipients decline substantially after a year, even if the antigenic influenza vaccine components are exactly the same as those in the previous season.[^13^](#agm212102-bib-0013){ref-type="ref"}

### 2.4.2. Application benefits {#agm212102-sec-0008}

Vaccination is currently an effective way to prevent influenza in elderly people. In a meta‐analysis of data derived from elderly people in China, influenza vaccine had a 53% prevention effect on influenza‐like illness in recipients aged ≥60 years.[^19^](#agm212102-bib-0019){ref-type="ref"} Liu et al[^20^](#agm212102-bib-0020){ref-type="ref"} followed up 590 elderly people over the age of 60 years who received influenza vaccine in Beijing, and in that analysis, influenza vaccination was associated with reduced likelihood of developing "colds" (49.54%), "respiratory diseases" (64.54%), and "chronic diseases" (38.82%).

Vaccination against influenza can effectively reduce the number of influenza‐related emergency medical events, hospitalizations, and deaths in elderly people. Many elderly people have chronic diseases, such as diabetes, chronic obstructive pulmonary disease, coronary heart disease, and cerebrovascular disease, and influenza vaccination may have a flow‐on effect of reducing hospitalization rates and mortality rates associated with these chronic diseases in elderly people.

Vaccination is associated with a 27% reduction in the risk of hospitalization for pneumonia or influenza and a 48% reduction in the risk of death.[^21^](#agm212102-bib-0021){ref-type="ref"} Fireman et al[^22^](#agm212102-bib-0022){ref-type="ref"} examined mortality before, during, and after nine influenza seasons in relation to time‐varying vaccination status in an older population in California, United States, in which there were 115 823 deaths from 1996 to 2005, including 20 484 deaths during laboratory‐defined influenza seasons. The overall estimated vaccine effectiveness against all‐cause mortality during influenza seasons was 4.6%. Nichol et al[^23^](#agm212102-bib-0023){ref-type="ref"} studied 140 055 subjects in a 1998‐1999 influenza season cohort and 146 328 in a 1999‐2000 influenza season cohort, and reported that vaccination against influenza was associated with: reductions in the risks of hospitalization for cardiac disease, cerebrovascular disease (1998‐1999 season 16%, 1999‐2000 season 23%), and pneumonia or influenza (1998‐1999 season 32%, 1999‐2000 season 29%); and reductions in the risk of all‐cause mortality (1998‐1999 season 48%, 1999‐2000 season 50%).

Influenza vaccination can reduce medical expenses imposed by influenza itself and associated acute exacerbations of chronic diseases, which has significant cost effect in elderly patients with underlying diseases. In 2003, the Beijing Municipal Center for Disease Control and Prevention analyzed the efficacy and cost‐benefit analysis of influenza vaccination in 665 people aged over 60 years in Beijing and found that the cost‐benefit ratio was 1.51, which is higher than that of the general population.[^24^](#agm212102-bib-0024){ref-type="ref"} Approximately a third of that benefit was due to reduced onset of chronic diseases. Peasah et al[^25^](#agm212102-bib-0025){ref-type="ref"} performed a meta‐analysis of health economic evaluations of influenza vaccination around the world that included both high‐income and middle‐income countries, and concluded that influenza vaccination was cost‐effective. Wang et al[^26^](#agm212102-bib-0026){ref-type="ref"} demonstrated that influenza vaccination reduced hospitalization costs by US \$1282.60 compared with patients who had not undergone influenza vaccination.

### 2.4.3. Safety {#agm212102-sec-0009}

Inoculation with IIVs is generally safe in adults.[^27^](#agm212102-bib-0027){ref-type="ref"}, [^28^](#agm212102-bib-0028){ref-type="ref"}, [^29^](#agm212102-bib-0029){ref-type="ref"}, [^30^](#agm212102-bib-0030){ref-type="ref"} The most common adverse events are transient local reactions at the injection sites, such as pain, erythema, and swelling.[^13^](#agm212102-bib-0013){ref-type="ref"} Vaccination recipients without a history of influenza vaccine antigen exposure may experience transient symptoms, such as fever, malaise, and myalgia,[^31^](#agm212102-bib-0031){ref-type="ref"} but these do not occur frequently in adults.[^32^](#agm212102-bib-0032){ref-type="ref"} Those who have experienced severe anaphylaxis after influenza vaccination should not seek revaccination. It has been reported that TIV recipients are more likely to develop Guillain‐Barré syndrome,[^33^](#agm212102-bib-0033){ref-type="ref"}, [^34^](#agm212102-bib-0034){ref-type="ref"} but no direct relationships between influenza vaccination and the syndrome have been reported.[^35^](#agm212102-bib-0035){ref-type="ref"} According to the monitoring data collated by the US vaccine adverse‐event reporting system, the total adverse reaction rate after TIV inoculation in recipients aged ≥ 65 years was approximately 16.5 per million doses from 1990 to 2005.[^36^](#agm212102-bib-0036){ref-type="ref"}

2.5. Current status of influenza vaccination in elderly people in China {#agm212102-sec-0010}
-----------------------------------------------------------------------

In China, the influenza vaccination rate remains low. Yang et al[^37^](#agm212102-bib-0037){ref-type="ref"} reported that the influenza vaccination rate in China's total population was only 1.9% in 2008‐2009, and Zhou et al[^38^](#agm212102-bib-0038){ref-type="ref"} reported that the rate in urban residents aged \> 60 years from nine cities was 4.3% in the 2011‐2012 influenza season. In efforts to increase the influenza vaccination rate, some cities (for example Zhuhai and Ningbo) now include reimbursement of influenza vaccination costs as part of medical or social insurance. Other cities, including Beijing, Karamay, Shenzhen, and Xinxiang, have implemented free vaccination policies for specific groups.[^37^](#agm212102-bib-0037){ref-type="ref"} Based on data from the Beijing Municipal Center for Disease Control and Prevention, after the implementation of publicly funded vaccination, the influenza vaccination rate in elderly people was approximately 50% from 2011 to 2015, which was significantly higher than it had previously been.[^39^](#agm212102-bib-0039){ref-type="ref"}

2.6. Worldwide guidelines on influenza vaccination in elderly people {#agm212102-sec-0011}
--------------------------------------------------------------------

National influenza vaccine guidelines recommend that elderly people should receive one influenza vaccination every year.[^6^](#agm212102-bib-0006){ref-type="ref"}, [^12^](#agm212102-bib-0012){ref-type="ref"}, [^40^](#agm212102-bib-0040){ref-type="ref"}, [^41^](#agm212102-bib-0041){ref-type="ref"}, [^42^](#agm212102-bib-0042){ref-type="ref"} The IIV or RIV are recommended by the ACIP.[^12^](#agm212102-bib-0012){ref-type="ref"} The Canadian Immunization Advisory Committee recommends standard TIV or a high dose of TIV, a quadrivalent influenza vaccine, or a trivalent adjuvanted influenza vaccine.[^6^](#agm212102-bib-0006){ref-type="ref"} The Australian and New Zealand Geriatrics Association, the Singapore Infection Control Association, and the Infectious Diseases Association recommend one annual vaccination, but the dosage is not clearly defined.[^40^](#agm212102-bib-0040){ref-type="ref"}, [^43^](#agm212102-bib-0043){ref-type="ref"} The Korean Infectious Disease Association recommends inoculation with TIV,[^42^](#agm212102-bib-0042){ref-type="ref"} and the European Union Association for the Advancement of Old Medicine and the International Association of Gerontology and Geriatrics in Europe recommend standard doses of TIV or quadrivalent inactivated influenza vaccines.[^41^](#agm212102-bib-0041){ref-type="ref"}

2.7. Recommendations for influenza vaccination strategies in elderly people in China {#agm212102-sec-0012}
------------------------------------------------------------------------------------

Trivalent IIVs mainly include split‐virus vaccines and subunit vaccines, and are currently approved for use in China. Quadrivalent inactivated influenza vaccines are about to be approved. Other IIVs, such as HD‐IIV and RIV, are not yet available in China. Therefore, herein only recommendations pertaining to TIV administration are provided. TIV should be administered in accordance with the relevant national regulations and vaccine instructions, such as the Regulations on the Administration of Vaccine Circulation (<http://www.gov.cn/zhengce/content/2016-04/25/content_5067597.htm>) and Vaccination and the Vaccination Practice (<http://www.gov.cn/yjgl/2005-10/14/content_77713.htm>).

### 2.7.1. Target population and influenza vaccination schedule {#agm212102-sec-0013}

Adults aged \> 60 years should receive an annual TIV before the influenza season starts. To achieve better protection, elderly people should be vaccinated annually because influenza viruses are prone to rapid antigenic mutation. When vaccine supply is limited, priority should be given to: adults with cardiovascular (excluding isolated hypertension), chronic pulmonary, hepatic, renal, hematologic, neurologic, neuromuscular, or metabolic disorders; adults who are immunocompromised; and medical staff working in health institutions, nursing homes, and sanitariums. Vaccinating health‐care workers against influenza not only protects them and keeps health services running during the influenza season, it also reduces the chances of them transmitting the virus to people at high risk.

### 2.7.2. Inoculation method {#agm212102-sec-0014}

The standard vaccination procedure is one dose contained in 0.5 mL injected intramuscularly. The deltoid muscle of the upper arm is the preferred administration site. In patients with thrombocytopenia or other hemorrhagic disorders who are at a comparatively high risk of bleeding after receiving an intramuscular injection, a deep subcutaneous injection can be administered.

### 2.7.3. Contraindications {#agm212102-sec-0015}

People who are allergic to any active components, adjuvants, or trace ingredients in influenza vaccines, such as eggs (ovalbumin or chicken protein), neomycin, formaldehyde, or Triton X‐100, should not be vaccinated.

### 2.7.4. Adverse effects and management {#agm212102-sec-0016}

The common adverse effects are local and systemic reactions. The local reactions include redness and swelling, pain, bruising, and induration of the injection site.[^13^](#agm212102-bib-0013){ref-type="ref"} Systemic effects include fever, chills, headache, sweating, myalgia, joint pain, discomfort, and fatigue.[^31^](#agm212102-bib-0031){ref-type="ref"} Those reactions generally do not require treatment and resolve spontaneously within 2 days. Rarer adverse effects include the development of a severe febrile reaction (body temperature \> 39°C), which can be treated with natural cooling or medication. Some recipients may experience urticaria after vaccination. A very small minority of recipients reportedly develop anaphylactoid purpura. Such reactions should be addressed immediately via anti‐allergy treatment, such as the administration of glucocorticoids. Anaphylactic shock is extremely rare, but if it occurs it must be managed actively in accordance with routine anaphylactic shock treatment principles.

### 2.7.5. Warnings and precautions {#agm212102-sec-0017}

People should inform the doctor of any immunodeficiency conditions they have or immunosuppressant medications they are taking before influenza vaccination. To prevent allergic reactions after vaccination, appropriate monitoring and emergency rescue measures should be prepared in advance. Vaccination can prevent infection by influenza strains contained in the vaccine from 2 to 3 weeks after vaccination. Notably, however, people may still develop influenza if they are exposed to the virus before or immediately after vaccination because the influenza incubation period is typically several days. Different injection sites should be used when influenza vaccination is administered in conjunction with other vaccines. Vaccination should be postponed if the intended recipient has a fever, acute infection, or an acute attack of chronic disease. Influenza vaccination should also be administered with caution in patients who have developed Guillain‐Barré syndrome within 6 weeks of a previous influenza vaccination. All vaccine recipients should be kept under observation for 30 minutes after immunization.

3. PNEUMOCOCCAL VACCINE {#agm212102-sec-0018}
=======================

3.1. Etiology and epidemiology of pneumococcal disease {#agm212102-sec-0019}
------------------------------------------------------

*Streptococcus pneumoniae*, also known as pneumococcus, is a gram‐positive encapsulated diplococcus bacterium. It is ubiquitous in the natural environment and humans are its primary natural host. The polysaccharide capsule of the bacterium is an essential virulence factor, and more than 90 serotypes have been defined based on differences in capsule compositions. The serotype spectrums vary in different age groups and different seasons and regions, but the general distributions of the most common pathogenic serotypes are the same throughout the world.[^44^](#agm212102-bib-0044){ref-type="ref"}

The transmission of *S pneumoniae* mainly occurs via direct respiratory droplets or infection caused by bacterial colonization in the respiratory tract. It spreads locally to the sinuses and middle ear, or is inhaled into the lower respiratory tract, which can lead to pneumonia. Invasive pneumococcal diseases (IPDs), such as meningitis, streptococcal pneumonia, and bacteremia, occur when the bacteria invade the bloodstream; these diseases are associated with high mortality. *Streptococcus pneumoniae* results in bacteremia pneumonia in approximately 20% of cases. Reportedly, up to 30 *S pneumoniae* serotypes are responsible for more than 80% of IPDs in all age groups globally. Although IPD cases are not as common as non‐IPD infections, an etiological diagnosis is more accessible in cases of IPD. Accordingly, the incidence of IPD is often considered an important indicator of *S pneumoniae* serotype distribution and disease burden.[^44^](#agm212102-bib-0044){ref-type="ref"}

3.2. Pneumococcal disease burden in elderly people {#agm212102-sec-0020}
--------------------------------------------------

Pneumococcal infection is a major cause of morbidity and mortality in elderly people. In developed countries, the annual incidence rate of IPD is approximately 8‐34/100 000, whereas in people aged ≥65 years it is approximately 24‐85/100 000.[^45^](#agm212102-bib-0045){ref-type="ref"} The mortality rates of pneumococcal bacteremia are reportedly 16%‐36% in all adults[^46^](#agm212102-bib-0046){ref-type="ref"} and 20%‐40% in older patients.[^47^](#agm212102-bib-0047){ref-type="ref"} In China, although the proportions of pneumococcal infections in cases of community‐acquired pneumonia (CAP) reportedly differ in different regions, varying from 28.0% to 71.5%,[^48^](#agm212102-bib-0048){ref-type="ref"}, [^49^](#agm212102-bib-0049){ref-type="ref"}, [^50^](#agm212102-bib-0050){ref-type="ref"} *S pneumoniae* is always the most common cause of CAP in elderly people.[^51^](#agm212102-bib-0051){ref-type="ref"}

The antimicrobial resistance surveillance report on *S pneumoniae* derived from the China Antimicrobial Resistant Surveillance System states that the respective resistance rates to penicillin, cefuroxime, and erythromycin are 53.6%, 46.4%, and as high as 94.2% in elderly people aged ≥ 65 years.[^52^](#agm212102-bib-0052){ref-type="ref"} Pneumococcal vaccines, such as the 23‐valent pneumococcal polysaccharide vaccine (PPSV) known as PPSV23, can control the prevalence of pneumococcal diseases by reducing transmission, thereby alleviating its resistance to antibiotics, which reduces the emergence of drug‐resistant strains and prevents the resistance rate from rising.[^53^](#agm212102-bib-0053){ref-type="ref"} Therefore, pneumococcal vaccination is one of most effective means of reducing *S pneumoniae* drug resistance.

3.3. Development of pneumococcal vaccine {#agm212102-sec-0021}
----------------------------------------

The first pneumococcal vaccine was a whole‐cell preparation. The first clinical trial of a pneumococcal vaccine was conducted in 1911 in native workers at gold and diamond mines in South Africa.[^54^](#agm212102-bib-0054){ref-type="ref"} Those vaccines were subsequently supplanted by serotype‐specific PPSVs. Hexavalent vaccine was developed and applied in clinical practice in 1946. In 1977, a 14‐valent PPSV was developed,[^55^](#agm212102-bib-0055){ref-type="ref"} and the aforementioned 23‐valent PPSV23 has been available since 1983.[^56^](#agm212102-bib-0056){ref-type="ref"} The immunogenicity of PPSV23 was weak in recipients aged \< 2 years, leading to the development of pneumococcal conjugate vaccine (PCV), which is generated by combining pneumococcal capsular polysaccharide with a carrier protein. A 7‐valent PCV (PCV7) covering seven serotypes was introduced and approved by the US Food and Drug Administration (FDA) in 2000, and administered to children aged \< 5 years.[^57^](#agm212102-bib-0057){ref-type="ref"} To cover more serotypes, PCV10 and PCV13 have been developed in the past decade. PCV10 was approved in Canada in 2008 and was approved by the European Medicines Agency in 2009. PCV13 was first approved in Chile in 2009 and was subsequently licensed by the FDA to prevent pneumococcal disease in young children.[^58^](#agm212102-bib-0058){ref-type="ref"} In December 2011 the FDA expanded the use of PCV13 to people aged ≥ 50 years.[^59^](#agm212102-bib-0059){ref-type="ref"} In September 2014, the ACIP recommended the use of PCV13 in all adults aged \> 65 years.[^60^](#agm212102-bib-0060){ref-type="ref"} In China, the pneumococcal vaccine currently used in elderly people is PPSV23.[^44^](#agm212102-bib-0044){ref-type="ref"}

3.4. Effectiveness and safety of *S pneumoniae* vaccination in elderly people {#agm212102-sec-0022}
-----------------------------------------------------------------------------

### 3.4.1. Immunogenicity and persistence {#agm212102-sec-0023}

Pneumococcal polysaccharide vaccine containing only polysaccharide antigen, which is a T cell‐independent antigen, can induce serotype‐specific immunoglobulin (Ig)A, IgM, and IgG (mainly IgG2 subclass) antibodies and promote the killing of *S pneumoniae* by leukocytes and phagocytic cells, thus inducing specific protective effects. Immune responses to capsular polysaccharide are age‐dependent and serotype‐dependent.[^61^](#agm212102-bib-0061){ref-type="ref"}, [^62^](#agm212102-bib-0062){ref-type="ref"} Antibody levels initially increase after vaccination with PPSV23 and remain elevated for at least 5 years in healthy adults, but they do decline over time.[^63^](#agm212102-bib-0063){ref-type="ref"} Antibody levels in elderly people tend to decline to approximately baseline level within 7 years after vaccination.[^45^](#agm212102-bib-0045){ref-type="ref"}

Pneumococcal conjugate vaccine can elicit interaction between T‐helper lymphocytes and B lymphocytes, and induce strong immune responses and immunological memory. PCV13 can reportedly induce higher levels of antibody in elderly people than PPSV23.[^60^](#agm212102-bib-0060){ref-type="ref"}, [^64^](#agm212102-bib-0064){ref-type="ref"} Jackson et al[^65^](#agm212102-bib-0065){ref-type="ref"} reported that in a randomized double‐blind study involving 936 adults aged ≥ 70 years, the opsonophagocytic activity titers were significantly greater in a PCV13 inoculation group than in a PPSV23 group for 10 of the 12 serotypes common to both vaccines and serotype 6A, which is unique to PCV13. Opsonophagocytic activity responses after a follow‐on dose of PCV13 a year later demonstrated that a prior dose of PPSV23, but not PCV13, diminished the response to a subsequent administration of PCV13, which indicates better immunogenicity of PCV13.

### 3.4.2. Application benefits {#agm212102-sec-0024}

At present, PPSV23 is effective for preventing diseases associated with 23 common *S pneumoniae* serotypes, and reductions in incidence, hospitalization, and mortality rates of streptococcal diseases, such as CAP and IPD, have been documented.[^44^](#agm212102-bib-0044){ref-type="ref"} Xu et al[^66^](#agm212102-bib-0066){ref-type="ref"} investigated 600 cases aged ≥ 60 years who were divided into a PPSV23 group and a control group. In that study, vaccination with PPSV23 was associated with reduced incidence of lower respiratory tract infection (69.7%), use of antibiotics (72.6%), and hospitalization (65.9%) during the subsequent year. Subgroup analysis indicated that PPSV23 could reduce lower respiratory tract infection, antibiotic use, and hospitalization frequency in patients with chronic obstructive pulmonary disease and coronary heart diseases, and reduce lower respiratory tract infection and antibiotic use in diabetes and hypertension patients. In a prospective study of a cohort followed from 2008 to 2011 involving 27 204 individuals aged ≥ 60 years in Spain, the risk of CAP in a recently (\<5 years) PPSV23‐vaccinated vaccine group was lower than that in a group that had never been vaccinated. The protective effect applied to bacteremic pneumococcal CAP, non‐bacteremic pneumococcal CAP, overall pneumococcal CAP, and all‐cause CAP.[^67^](#agm212102-bib-0067){ref-type="ref"} Maruyama et al[^68^](#agm212102-bib-0068){ref-type="ref"} reported that in a randomized double‐blind trial involving 1006 adults aged ≥ 55 years, the incidence of all‐cause pneumonia and pneumococcal pneumonia was significantly lower in a vaccinated group than in a placebo group, and mortality from pneumococcal pneumonia was significantly higher in the placebo group. In a meta‐analysis performed by Moberley et al,[^69^](#agm212102-bib-0069){ref-type="ref"} the PPSV23 vaccine was effective for preventing pneumonia and IPD in adults, and it was effective for preventing IPD in recipients aged ≥ 65 years. In a modeling study that added PPSV23 to the immunization schedule for elderly people in Shanghai, China, the incidence of pneumococcal disease in the PPSV23 vaccination group was lower than it was in the control group.[^70^](#agm212102-bib-0070){ref-type="ref"} The respective cumulative incidences of CAP, IPD, and hospitalization were reduced by 3.57%, 0.02%, and 1.06%.

The combined administration of pneumococcal polysaccharide vaccination and influenza vaccination has a partially additive benefit. A meta‐analysis on data derived from people aged ≥ 65 years reported in 2016 indicated that combined pneumococcal polysaccharide vaccination and influenza vaccination was associated with lower pneumonia and all‐cause mortality than influenza vaccination alone.[^71^](#agm212102-bib-0071){ref-type="ref"} Chang et al[^72^](#agm212102-bib-0072){ref-type="ref"} analyzed 24 429 elderly people aged ≥ 75 years in Taiwan, China, and reported that compared with influenza vaccination alone, additional pneumococcal vaccination yielded additive reductions of 26% in all‐cause mortality, 23%‐29% in hospitalization, and 6%‐13% in inpatient expenditure. Nichol[^73^](#agm212102-bib-0073){ref-type="ref"} followed up elderly people diagnosed with chronic lung disease for three influenza seasons. In that study, influenza vaccination alone was associated with substantial reductions in hospitalization (52%) and mortality (70%), and pneumococcal vaccination alone was also associated with reductions in hospitalization (27%) and mortality (34%)---but receiving both vaccinations resulted in partially additive benefits, including a 63% reduction in hospitalization and an 81% reduction in mortality. The results indicated that receiving both vaccines conferred additive clinical benefits in patients with chronic pulmonary diseases. In summary, previous studies have shown that simultaneous administration of influenza and pneumococcal vaccines in elderly people is effective and safe, and is not associated with increased side‐effects.[^74^](#agm212102-bib-0074){ref-type="ref"}

Vaccinating older populations with PPSV23 is reportedly cost‐effective. Zhao et al[^70^](#agm212102-bib-0070){ref-type="ref"} conducted a study in people aged ≥ 60 years in Shanghai, China, in 2016 and reported that the incremental cost‐effectiveness ratio of PPSV23 vaccination compared with non‐vaccination was US \$16 699/quality‐adjusted life years, which is lower than the per capita gross domestic product of Shanghai (US \$16 840). In a theoretical cost‐effectiveness study conducted in Brazil by De Soarez et al[^75^](#agm212102-bib-0075){ref-type="ref"} and reported in 2015, a strategy involving country‐wide vaccination of all adults aged 60 years with one dose of PPSV23 avoided 7810 hospitalizations and 514 deaths, and saved 3787 years of life. The total costs of its implementation were US \$31 507 012 to the health system and US \$44 548 180 from a whole societal perspective. Hypothetically, the strategy resulted in respective incremental cost‐effectiveness ratios of US \$1297 and \$904 per life year for the health system and from the whole societal perspective, respectively, compared with current practice (vaccination of institutionalized elderly people and elderly people with underlying diseases).

### 3.4.3. Safety {#agm212102-sec-0025}

Some PPSV vaccine recipients may experience mild local reactions at the injection site, such as pain, swelling, and erythema, which generally resolve within 48 hours. In cases in which a subcutaneous injection is used or a second vaccination is performed, the aforementioned local reactions are relatively common.[^76^](#agm212102-bib-0076){ref-type="ref"} Serious reactions, such as local induration at the injection site and moderate systemic symptoms, such as fever or myalgia, rarely occur, and serious systemic adverse reactions, such as anaphylaxis, are very rare.[^44^](#agm212102-bib-0044){ref-type="ref"}

3.5. Current status of pneumococcal vaccination in elderly people in China {#agm212102-sec-0026}
--------------------------------------------------------------------------

Data on the epidemiological surveillance of pneumococcal vaccination in elderly people in China are limited. Data from local areas indicate that pneumococcal vaccination rates are low among elderly people. In 2010, the rate of pneumococcal vaccination in residents of the Chaoyang District of Beijing aged ≥ 60 years and living in the community was 2.1%.[^77^](#agm212102-bib-0077){ref-type="ref"} In 2014 that of male residents of the Qingpu District of Shanghai aged ≥ 65 years was 1.8%, and for female residents it was 2%.[^78^](#agm212102-bib-0078){ref-type="ref"} In the same study, the vaccination rates were 1.6% for those aged 65‐79 years, and 4.4% for those aged ≥ 80 years. In March 2015, a pneumococcal vaccination subsidy program for older residents aged ≥ 60 years was launched in Chengdu, and 1200 people were randomly selected for the survey. The vaccination rate was 42.1% in that program.[^79^](#agm212102-bib-0079){ref-type="ref"}

3.6. Worldwide guidelines on pneumococcal vaccination in elderly people {#agm212102-sec-0027}
-----------------------------------------------------------------------

Guidelines in most countries currently recommend one dose of PCV13 or PPSV23 in immunocompetent elderly people.[^41^](#agm212102-bib-0041){ref-type="ref"}, [^42^](#agm212102-bib-0042){ref-type="ref"}, [^80^](#agm212102-bib-0080){ref-type="ref"}, [^81^](#agm212102-bib-0081){ref-type="ref"}, [^82^](#agm212102-bib-0082){ref-type="ref"} The Australian and New Zealand Society for Geriatric Medicine, the European Union Geriatric Medicine Society, and the International Association of Gerontology and Geriatrics‐European Region all recommend PPSV23 for adults aged ≥ 65 years. Revaccination should be considered only 5‐6 years after the first vaccination, and no more than two vaccinations should be administered.[^41^](#agm212102-bib-0041){ref-type="ref"}, [^43^](#agm212102-bib-0043){ref-type="ref"} The ACIP recommends that people aged ≥ 65 years who have not previously received a pneumococcal vaccination or are not sure whether they have should be vaccinated with one dose of PCV13 first, followed by a dose of PPSV23 (PCV13‐PPSV23 sequence). The recommended interval between the PCV13 and the PPSV23 is at least 1 year for immunocompetent adults aged ≥ 65 years. Those who have chronic cardiovascular disease (excluding hypertension), chronic lung disease, chronic liver disease, diabetes, and/or alcohol or smoking habits should receive another dose of PPSV23 at least 5 years later. It is recommended that adults aged ≥ 65 years with immunocompromising conditions, functional or anatomic asplenia, cerebrospinal fluid leaks, or cochlear implants receive one dose of PCV13 first, followed by PPSV23 ≥ 8 weeks later, then another dose of PPSV23 ≥ 5 years after that. People aged ≥ 65 years who have a history of PPSV23 vaccination should receive a dose of PCV13 at least 1 year after their last dose of PPSV23.[^80^](#agm212102-bib-0080){ref-type="ref"}

3.7. Recommendations for pneumococcal vaccination strategies in elderly people in China {#agm212102-sec-0028}
---------------------------------------------------------------------------------------

The pneumococcal vaccine approved for use in elderly people in China is PPSV23. Although it has been circulated in China, PCV13 has not yet been approved for use in elderly people. Therefore, herein only recommendations pertaining to PPSV23 vaccination are provided. PPSV23 vaccination should follow national regulations and vaccine instructions, such as those advocated in the Regulations on Vaccine Circulation and Vaccination and Standard Practices for Vaccination.

### 3.7.1. Target population and schedule of pneumococcal vaccine {#agm212102-sec-0029}

Adults aged ≥ 60 years should receive one dose of PPSV23. Revaccination is generally not recommended in immunocompetent people, but it is now recommended that elderly people who have a high risk of severe pneumococcal infection and who have been vaccinated more than 5 years previously be revaccinated. People aged ≥ 65 years who have not been vaccinated within 5 years (including those who were aged \< 65 years at the time of their last vaccination) can be revaccinated. Because data on the safety of administering PPSV23 three or more times are insufficient, additional vaccinations after the first revaccination (that is, two vaccinations in total) are not routinely recommended.

Those with the following risk factors for pneumococcal infection should be given priority: chronic illness, such as chronic pulmonary disease (eg, chronic obstructive pulmonary disease, asthma, bronchiectasis); chronic cardiovascular disease (eg, congestive heart failure or cardiomyopathies, but excluding hypertension); chronic liver disease (cirrhosis); cochlear implants; diabetes mellitus; cerebrospinal fluid leaks; alcoholism; functional or anatomic asplenia (congenital or acquired asplenia, sickle cell disease or other hemoglobinopathies, splenic dysfunction, or splenectomy); and conditions associated with reduced immune function (such as congenital or acquired immunodeficiencies, HIV, nephrotic syndrome, chronic renal failure, generalized malignancy, multiple myeloma, leukemia, lymphomas, Hodgkin's disease, solid organ transplantation and bone marrow transplantation, and those receiving immunosuppressive medication, long‐term systemic corticosteroids, chemotherapy, or radiation therapy).[^44^](#agm212102-bib-0044){ref-type="ref"}, [^45^](#agm212102-bib-0045){ref-type="ref"}, [^63^](#agm212102-bib-0063){ref-type="ref"}, [^83^](#agm212102-bib-0083){ref-type="ref"}, [^84^](#agm212102-bib-0084){ref-type="ref"}

### 3.7.2. Inoculation method {#agm212102-sec-0030}

The standard vaccination preparation is one dose contained in 0.5 mL, and subcutaneous or intramuscular injection is recommended. The deltoid muscle of the upper arm is the preferred administration site due to the low risk of side‐effects associated with intramuscular injection at this site.

### 3.7.3. Contraindications {#agm212102-sec-0031}

People who are allergic to any component of PPSV23 should not be vaccinated.

### 3.7.4. Adverse reactions {#agm212102-sec-0032}

The most common adverse reactions are mild to moderate fever, general body temperature ≤ 38.8°C, and local reactions, such as pain, erythema, swelling, and local indurations at the injection site. Systemic adverse reactions include weakness, fatigue, myalgia, and headache. Most of the local reactions occur within 3 days after inoculation and resolve within 5 days. The possibility of adverse reactions at the injection site after revaccination is greater than that after the first vaccination in people aged ≥ 65 years.

### 3.7.5. Warnings and precautions {#agm212102-sec-0033}

In those with severe impairment of cardiovascular and/or pulmonary function, systemic reactions at the time of vaccination may be life‐threatening, and such patients should be duly monitored. The mixing of different vaccines in the same container is forbidden, and different injection sites should be utilized for simultaneous administration of multiple vaccines. Vaccination should be delayed in people with fever, acute infection, or the acute stages of chronic disease. Finally, all vaccine recipients should be kept under observation in the inoculation observation area for 30 minutes after immunization.

CONFLICTS OF INTEREST {#agm212102-sec-0035}
=====================

This experts' recommendations manuscript was initiated by the Special Fund for Geriatric Medicine Development of the China Health Promotion Foundation, and it was supported by Sanofi Pasteur and Merck Sharp and Dohme.

We would like to thank Liu Haitao (Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention, National Health Commission of the People's Republic of China), Liu Xuejun (Department of Geriatrics, Shanxi Medical University First Hospital), Ma Jixiang (Chronic Disease Community Office of China Center for Disease Control and Prevention), Pang Xinghuo (Beijing Center for Disease Control and Prevention), Wang Yimin (Department of Respiratory and Critical Care Medicine, China Japan Friendship Hospital), Wu Liangyou (Chronic Disease Prevention and Control Division for Disease Prevention and Control Bureau, National Health Commission of the People's Republic of China), and Zou Yizhou (Department of Medical Immunology, Xiangya School of Medicine, Central South University) for your precious advice on drafting this manuscript.

Members of the expert group (in pinyin order of the last name) {#agm212102-sec-0036}
==============================================================

Du Xueping (Yuetan Community Health Service Center, Fuxing Hospital, Capital Medical University); Fan Jin (Department of Geriatric Emergency, Chinese PLA General Hospital); Fang Baomin (Department of Respiratory and Critical Care, Beijing Hospital); Feng Luzhao (National Institute for Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention); Gao Xinglin (Institute of Geriatrics, Guangdong Provincial People's Hospital); Liu Jian (General Medical Department, Tongji Hospital Tongji Medical College of HUST); Liu Qiangui (Second Respiratory Department, Beijing Geriatric Hospital); Liu Xinmin (Department of Geriatrics, Peking University First Hospital); Sun Baojun (Department of Respiratory Medicine, South Building, Chinese PLA General Hospital); Sun Li (Department of Geriatric Respiratory Medicine, Shanxi Provincial People's Hospital); Wang Huaqing (National Immunization Program Center, Chinese Center for Disease Control and Prevention); Wang Jianye (Department of Urology, Beijing Hospital); Wang Lin (Department of Cadre Health‐Care, Second Hospital of Tianjin Medical University); Wu Jianqing (Department of Geriatric Respiratory Medicine, Jiangsu Provincial People's Hospital); Xu Hao (Department of Cardiology, Xiyuan Hospital CACMS); Yu Pulin (National Geriatric Medical Center, Beijing Hospital); Yu Senyang (Department of Respiratory Medicine, Chinese PLA General Hospital); Zhang Qiang (Department of Health‐Care and Medical Care, Tianjin Medical University General Hospital); Zhu Yuanjue (Department of Respiratory Medicine, Peking Union Medical College Hospital).
